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ANALYSIS QOF THE AERODYNAMIC CHAHACTERISTICS OF DEVICES
FOR INCREASING WING LIFT. III. INFLUENCE OF
GRQUND PRQXIMITY ON THE AERODYNAMICuCHARACTERISTICS oF
THE FLAPS

Rafael Garncarek
As-thé wing approaches the ground, changes occurrin‘ Jo1¥

the flow around its profile. An increase in the above-gage:
atmospheric pressure occurs on the lower surface of the wing

as a result of the ground effect. On its upper surface, the
below-gage atmospheric pressure increases near the leading
edge and drops somewhat near the trailing edge. The net
result is an inerease in the aerodynamic 1ift for a given
angle of atfack and a decrease in the angle of attack cor-
responding to zero aerodynamlc 1ift. The change in the
pressure distribution on the upper surface of the wing causes,

|\
PO
M

in agreement with boundary layer theory, a decrease in the
critical angle of attack Cup at which flow separation occurs.
Hence the value C Z may decreases. The proximity of the ground
decreases the deflection angle behind the wing and thus also

the drag induced by a wing of finite span.

In the case of a low. tail plane, the effect of the ground
may unfavorably decrease,ithrough a decrease of the deflection
angle of the flow behind the wing and the ground effect, the
downward force which 1s needed to maintain the alrplane in
equilibrium at large angles of attack. In the case of an
alrplane which attains on the ground angles of attack that are
close to the stalling angle, the effect of ground proximity
will reduce the takeoff and landing speed, increasing C, for
the glven angle of attack.

Flgures =22-25 show the effect. of ground prox1m1ty on C i
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Flg. 22. Effect of ground proximity on

C%max'

d) Wing span A = 10(Cp/Cp) = 0.3
Technical Note NACA ﬂﬁlS
two-slotted flap O.EC + =lat
0.214e Re = 0.45-10

b) NACA 23015 profile, A = 4.55
double flap (0.40/0.256)cnon
entire span + slat 0.18l4c; rect-
angular airfoll, Re = 0.72.10
In accordance with Report No.
14/TA/66, "Study of the effect of
ground proximity on the aerocdynamic
characteristic of airfoll with 40%
two-slotted flap and slaf.

¢) Flap and .alleron <flap Q.28c

flap 0.457b, ailéron flap 0.368b,

rectangular alrfoll together with

qu'e.laE;e A = _7«95-3 B-e = O -55'l0 .

In accordance with Report No. 21/

(TA/6G, “Studles of ground effect. -

on the aerodynamic characteristics

of the medel FZIL-1Q04 Wilga airplane.

Key to Fig. 22 on followlng pagé,"

duc ™ =
t‘;‘:{ oavaiiable copY.

ed tro

Figure 22 com-
ﬁares the average
decrease in Cp
resulting from the

~ground effect wilth
the values that were
obtained from models
tested in wind tunnels.
- The results of the
airfoll studies con<4
firm approximately
the curves for the
average values.

Figure 26 shows
the variation in
moment ratio of the
inelined wing. As
was to be expected,
the changes in the
pressure dlstribution
along the chord cause
a drop in the in-
crease in the pitching
moment from the flaps
as the wing approaches
the ground.

Flgures 22-26
can be used to esti-
mate the aerodynamic
characteristics of
an aircraft,Ataking
into account the
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Fig. 23. Effect of ground proximity
on drag Induced hy wing.

Rey: 1. Cyypq V8. ground effect .

2. Slotted flap
3. Spllt flap

Flap displaced ..., atleron flap ...

effect of ground proximity.
The effect of the ground
proximity on the downwash
behind a wing with a dis-
placed flap -can be
described by the following
approximate formula:
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where

ZCZ
Fﬁ_'Kl.K2 is the downwash

behind a wing with a
retracted flap;
0155

Ak mﬁzk 18 the increment

in the downwash due to

. flap displacement; ACzy

15 the increment in the

lift coeffic;ent due to flap dlsplacement Ak 1s the aspect .
ratio for . ‘flap span part of the w1ng 32 1s the distance
from the trailing edge of the flaps to the ground; and b is

the wingspan.
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Fig. 24. Effect of ground proximity

on og-
Key: 1. Split flap

2. Slotted flap

3. Without flaps

4, Tapered wing

5. Rectangular wing
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Fig. 25. Effect of ground proximity
' f{a) curve,

on the slope of the Cp =

—>5 skrryitey prosfokgtng

Key: 1. . ¥s. ground effect

24 The effect of ground proximity
is not taken into account for

displaced flaps

3. Without flaps

The formula is

: Valid for zk‘< b.

" Conclusions

As a result of
the above discusslon,
the following con-
clusions can be made.

1. The increment
in the magnitude of
the maximum 1ift coef-
flcient Aczmax for a

~given type of flap

with a particular
geometry is mainly
determined by the
thickness of the

alrfoll section. The
effect of the thickness
of the alrfoil section
1s greatest flor split
flaps and smallest

for single-slotted flaps.

2. In the range
of alrfoil section
thicknesses from 144
and above, instead of
the much more compli-

~cated double flaps,®

the much simpleritwo-
glqtted,flaps‘can be
used.



of alrfoll sectlon
thicknesses from 8%
to 12%, in view of
the difficulty of
placing a slat with
the appropriate

geometry in a thin
alrfoil section, the

|
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no longer effective,

and depending on the
Fig. 26. Change in the ACy/AC, ratio P &

due to a displacement of a twa= * required value of
slotted 0.5¢ flap as a result of the AC either a
effect of ground proximity at a con- Zmax?

stant angle of attack a = ag,_5 + 6°. single-slotted or

double flap should be

Key: 1. Flap displacement
2. Slat used.

. 1In the case when we desire a small increment in the
aerodynamic 11ft with a minimum inecrease in the drag (for
small displacements), the best solutlon 'ls to use a straight
flap with a chord on the order of 0.2-0.3 of the wing chord.
The efficiency of a stralght flap decreases very little when
flow which equalizes the pressure on the lower and upper
surfaces:of the wing can paés through the slot between the
flap and the torque box of the wilng.

5. When the aercdynamic characteristic of an aircraft
With_displaced flapa‘is estimated, the assumption can be made
-- without making a large error -- that the Increment Aszax
is Independent of the Reynolds number.

6. The increment in the prpfilé‘drag résulting from a
small displacement of a slotted flap (on the order of 20°)

3. In the range

~
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with a basic laminar alrfoil section and sufficlently large
angle of attack (above the range of angles corresponding to
thg'characteristic dip in the polar curve of the airfoil in
the directlon of small drags) 1s negligibly small.

7. When the alrcraft equilibrium during takeoff and
landing 1s calculated, as wéll‘as the takeoff and touch-down
speed and the length of thé takeoff run and landing run, one
should usé the aerodynamic characterlistic of the aircraft
which takes Into account the effect of ground proximity.

The proximity of the ground ch&ngés the piltching moment,
the aerodynamic 1ift, the drag induced by the wing, and the
tallplane. This effect is particularly pronounced in low-
wing monoplanes and in aircraft with a low tailplane.



